Background: In 2015, large cell neuroendocrine carcinoma (LCNEC) was removed from the large cell carcinoma group and classified with small cell lung carcinoma (SCLC) constituting two members of the high-grade neuroendocrine tumors (NETs) of the lung. However, the difference between high-grade LCNEC and SCLC in terms of clinicopathological characteristics and prognosis has not been fully understood owing to the rarity of LCNEC. Patients and methods: Patients with high-grade LCNEC and SCLC at initial diagnosis between 2001 and 2014 were identified using the Surveillance, Epidemiology, and End Results (SEER) program database. Clinicopathological characteristics between high-grade LCNEC and SCLC were compared using the Pearson's chi-squared test or Fisher's exact test. Differences in overall survival (OS) and cancer-specific survival (CSS) were compared using the log-rank test, Cox models and propensity score matching (PSM) analysis. Results: A total of 1223 patients with high-grade LCNEC and 18182 patients with high-grade SCLC were enrolled. To the best of our knowledge, this study involved the largest number of high-grade LCNEC patients to date, with respect to a comparison between high-grade LCNEC and high-grade SCLC patients. There were significant differences in age, sex, race, laterality, SEER stage, nodal status, surgery, radiation and chemotherapy, but not marital status, between high-grade LCNEC and SCLC patients. High-grade LCNEC patients had a better OS and CSS than high-grade SCLC patients. Subgroup analysis also confirmed the better prognosis of the high-grade LCNEC patients in the regional stage, distant stage and surgery subgroups. However, no significant difference in prognosis was observed between the two non-surgery subgroups, which was confirmed using PSM analysis. Furthermore, high-grade LCNEC patients showed different metastatic patterns to high-grade SCLC patients. Conclusion: These results suggested that high-grade LCNEC and high-grade SCLC were different histological types, and that a detailed classification for high-grade NETs of the lung was needed.
Introduction
Neuroendocrine tumors (NETs) of the lung are a special subtype of lung cancer. According to the 2015 World Health Organization (WHO) Classification of Lung Tumors, large cell neuroendocrine carcinoma (LCNEC) was removed from the large cell carcinoma and grouped together with typical carcinoid (TC),
Ivyspring
International Publisher atypical carcinoid (AC) and small cell lung carcinoma (SCLC) within the NETs of the lung for the first time [1] . Owing to the poorly differentiated features, LCNEC and SCLC were classified as the high-grade NETs of the lung, compared with low-grade TC and intermediate-grade AC. LCNEC was a rare histologic type of lung cancer with an incidence of approximately 3 %, while SCLC was a common histologic type of lung cancer accounting for 15-20 % of all lung cancers [2, 3] . Compared with carcinoid, LCNEC and SCLC had higher mitotic rates, more necrosis and poorer prognosis, and could even manifest combined with other lung cancer types [4] . Although LCNEC and SCLC shared several similar histologic and clinical features, questions remained as to whether it was reasonable to classify LCNEC and SCLC within the same category.
Owing to the rarity of LCNEC, only a limited number of studies have compared the clinicopathological characteristics and survival outcomes between LCNEC and SCLC. To the best of our knowledge, only two large population-based studies have been reported to date. Varlotto et al. [5] identified 1211 LCNEC, 35304 SCLC and 8295 other large cell carcinoma (OLC) in the Surveillance, Epidemiology, and End Results (SEER) registries (2001) (2002) (2003) (2004) (2005) (2006) (2007) , and reported that LCNEC presented more similarities to OLC than to SCLC in regard to clinicopathological characteristics and survival outcomes in patients undergoing surgery. However, Derks et al. [6] extracted the data relating to 952 LCNEC, 11844 SCLC, 19633 squamous cell carcinoma and 24253 adenocarcinoma from the Netherlands Cancer Registry (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) and found that stage IV LCNEC exhibited a similar metastatic pattern and survival rate to SCLC, while the clinical features of early-stage LCNEC resembled those of squamous cell carcinoma and adenocarcinoma.
In other studies, Asamura et al. [7] enrolled 366 surgically resected pulmonary NET patients (141 LCNEC and 113 SCLC) and found that LCNEC patients had a similar prognosis to SCLC patients. Similarly, another two independent studies revealed that no prognostic difference was identified between surgically resected LCNEC and SCLC patients [8, 9] . These findings differed from those reported by Varlotto et al. [5] Further, all of the four small population-based studies showed that advanced LCNEC patients benefited from SCLC-based chemotherapy, rather than SCLC-based chemotherapy plus non-small cell lung cancer (NSCLC)-based chemotherapy, and showed similar survival outcomes to those found in advanced SCLC [10] [11] [12] [13] . However, Niho et al. [14] reported that advanced LCNEC patients receiving combination chemotherapy with irinotecan and cisplatin presented a poorer prognosis than advanced SCLC patients. Thus, according to these contradictory data, it is hard to conclude that LCNEC and SCLC exhibit the same clinical features, prognosis and treatment strategies.
In our study, we obtained the clinicopathological and prognostic data of patients with high-grade LCNEC (n=1223) and high-grade SCLC (n=18182) from the SEER program (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , which is a large population-based database supported by the American National Cancer Institute. To the best of our knowledge, this study identified the largest number of high-grade LCNEC and SCLC patients, compared with previous studies. The clinicopathological characteristics and survival outcomes between LCNEC and SCLC were compared to improve our understanding of high-grade NETs of the lung. 
Patients and methods

Data
Patient selection
Patients diagnosed with histologically confirmed high-grade LCNEC and SCLC from 2001 to 2014 were enrolled in the study. The inclusion criteria used to identify eligible patients were as follows: (1) 
Covariates and outcomes
The covariates included age, sex, race, marital status, laterality, tumor size, SEER stage, nodal status, surgery, radiation, chemotherapy and distant metastasis (liver, bone and brain). Age was stratified into three groups: < 60, 60-79, and ≥ 80 years. Tumor size (cm) was categorized as follows: ≤ 3, > 3 and ≤ 5, > 5 and ≤ 7, and > 7 cm. SEER stage was classified into localized, regional, distant, and unknown according to the SEER program. Radiation and chemotherapy were categorized as "yes" or "no/unknown". No site-specific metastasis data is available before 2010 in the SEER database.
Overall survival (OS) and cancer-specific survival (CSS) were identified as the primary survival outcomes in the study. OS was identified from diagnosis to death due to any cause, while CSS was calculated from diagnosis to death due to lung cancer. The cutoff date for follow-up was December 31, 2014. Any patient who died from other causes before this cutoff date, or who was alive on the date of last contact, was censored.
Statistical analysis
Clinicopathological characteristics between high-grade LCNEC and SCLC were compared using the Pearson's chi-squared test or Fisher's exact test. The Kaplan-Meier method was used to generate survival curves. Differences between these curves were analyzed using the log-rank test. Univariate and multivariate Cox proportional hazard models were applied to identify risk factors for CSS, and the hazard ratios (HRs) and 95% CIs were reported. In the non-surgery subgroup, a propensity score matching (PSM) method to 1:1 match LCNEC with SCLC patients was applied to eliminate the difference in baseline characteristics across groups. The matching covariates included sex, race, laterality, tumor size, nodal status, and chemotherapy. The PSM method was undertaken using the psmatch2 module in Stata v14.0 (StataCorp, College Station, TX, USA). However, in the surgery subgroup, the number of patients in each of the two groups was almost the same, and the PSM method was not applicable. All statistical analyses were performed using SPSS v20.0 software (IBM, Armonk, NY, USA). A two-tailed P value of < 0.05 was considered to be statistically significant.
Results
Clinicopathological characteristics of high-grade LCNEC and SCLC
A total of 19405 patients with high-grade NETs of the lung were enrolled in the study, including 1223 patients with high-grade LCNEC and 18182 patients with high-grade SCLC. The demographic and clinical characteristics of these patients are described in Table  1 . All covariates, except marital status, showed a significant difference between high-grade LCNEC and SCLC cases. Compared to high-grade SCLC patients, high-grade LCNEC patients were younger (< 60 years: 28.4 % vs. 24.9 %; ≥ 80 years: 36.4 % vs. 41.3 %; P = 0.001), predominantly male (55.6 % vs. 49.7 %; P < 0.001) and predominantly black (11.9 % vs. 8.6 %; P < 0.001), with a smaller tumor size (≤ 3 cm: 33.8 % vs. 18.3 %; P < 0.001 ) and a higher proportion of patients receiving surgery (49.0 % vs. 3.6 %; P < 0.001). However, high-grade SCLC patients presented a higher prevalence of distant metastasis according to SEER stage (67.5 % vs. 41.2 %; P < 0.001) and nodal metastasis (71.1 % vs. 48.7 %; P < 0.001), and had a higher proportion of patients receiving radiation (46.2 % vs. 34.5 %; P < 0.001) and chemotherapy (68.8 % vs. 51.3 %; P < 0.001), than high-grade LCNEC patients. These data suggested that high-grade LCNEC patients presented distinctly different clinicopathological characteristics to high-grade SCLC patients.
Comparison of survival between high-grade LCNEC and SCLC
The OS and CSS between high-grade LCNEC and SCLC patients can be illustrated by Kaplan-Meier plots ( Fig. 1 ). High-grade LCNEC patients exhibited a better OS and CSS than high-grade SCLC patients (P < 0.001). The one-, two-and three-year OS and CSS for high-grade LCNEC patients were also higher than those for high-grade SCLC patients. To further identify the prognostic factors involved in OS and CSS, univariate and multivariate Cox proportional hazard models were used to analyze the data. In the univariate analysis, histological type, age, sex, marital status, laterality, tumor size, SEER stage, nodal status, surgery, radiation and chemotherapy were found to be significantly associated with OS and CSS (P < 0.05) (Table S1 ). Next, these covariates were included and adjusted within the multivariate analysis ( Table 2) . As expected, all these covariates remained the prognostic factors for OS and CSS. Specifically, the following were poor prognostic factors for OS and CSS: older male, not married, increased tumor size, advanced SEER stage, nodal metastasis and no treatment (surgery, radiation or chemotherapy). Moreover, the multivariate analysis showed that high-grade SCLC patients presented a worse OS and CSS than high-grade LCNEC patients (OS: HR = 1.25, 95% CI 1.16-1.35, P < 0.001; CSS: HR = 1.26, 95% CI 1.16-1.37, P < 0.001). 
Subgroup analysis with SEER stage and surgery
The differences regarding OS and CSS between high-grade LCNEC and SCLC patients were further evaluated using stratified analysis based on SEER stage and surgery. The Kaplan-Meier plots showed that the high-grade LCNEC patients had a better OS and CSS than the high-grade SCLC patients in the localized, regional and distant subgroups (P < 0.05) (Fig. 2) . In the subgroup with surgery, the high-grade LCNEC patients also presented a better OS and CSS than the high-grade SCLC patients (P < 0.05) (Fig. 3) . However, no significant differences in OS and CSS between these two groups were identified in the non-surgery subgroup (Fig. S1 ). Furthermore, univariate and multivariate Cox proportional hazards analyses were used to address the HRs of these two histological types in different subgroups (Table 3 ). In the regional, distant and surgery subgroups, high-grade SCLC was found to be a risk prognostic factor for OS and CSS in our univariate and multivariate analysis. Although high-grade SCLC patients with localized stage had a poorer OS and CSS than high-grade LCNEC patients in our univariate analysis, no differences in OS and CSS were found between these two groups in our multivariate analysis. Furthermore, no differences in OS and CSS were observed in our univariate analysis of the non-surgery subgroup.
Survival analysis in matched group
To avoid the effect of confounding factors on OS and CSS between high-grade LCNEC and SCLC patients without surgery, the PSM method was applied to perform a 1:1 matched case-control analysis. A total of 1240 patients were enrolled for further analysis, including 620 high-grade LCNEC cases and 620 high-grade SCLC cases (Table 4) . No significant difference in clinicopathological characteristics was found between these two groups. After matched analysis, the OS and CSS between the two groups remained the same (Fig. 4) . These results suggested that the prognosis for the high-grade LCNEC patients without surgery was similar to that for the high-grade SCLC patients without surgery. 
Comparison of metastatic sites between high-grade LCNEC and SCLC patients
In the SEER database, the data for metastatic sites were available for patients who had been diagnosed since 2010. Thus, the data for stage IV high-grade LCNEC and SCLC patients recorded between 2010 and 2014 were extracted and further analyzed. Next, the percentages of stage IV high-grade LCNEC and SCLC patients with bone, brain, or liver metastasis were determined (Fig. 5) . In high-grade LCNEC patients, brain metastasis was the favorite metastasis site, followed by bone and liver metastasis. In high-grade SCLC patients, liver metastasis was the most common metastasis site compared with bone and brain metastasis. Furthermore, the proportion of high-grade LCNEC patients, compared to the proportion of high-grade SCLC patients, differed significantly for brain and liver metastasis, but not for bone metastasis. Interestingly, high-grade LCNEC patients had significantly more brain metastasis than high-grade SCLC patients (34.2% vs. 25.2%; P < 0.010), while high-grade SCLC patients showed significantly more liver metastasis than high-grade LCNEC patients (41.1% vs. 26.1%; P < 0.001). These results suggested that the high-grade LCNEC and SCLC patients exhibited different metastatic patterns. 
Discussion
To the best of our knowledge, this study involved the largest number of high-grade LCNEC patients, with respect to a comparison between high-grade LCNEC patients and high-grade SCLC patients. Our findings indicated significant differences in clinicopathological characteristics between high-grade LCNEC and SCLC patients. High-grade LCNEC patients showed a better OS and CSS than high-grade SCLC patients and this remained true even after adjustment for other covariates in the multivariate analysis. The subgroup analysis also confirmed the better prognosis of high-grade LCNEC patients in the regional stage, distant stage and surgery subgroups. However, no significant difference in outcomes between high-grade LCNEC and SCLC was observed, once patients missed surgery, and this result was further confirmed by a PSM analysis. Furthermore, high-grade LCNEC patients had different frequencies and sites of distant metastasis compared with high-grade SCLC patients.
High-grade lung NETs accounted for 91.3 % of all high-grade NETs and displayed unique clinicopathological characteristics and outcomes compared with the remaining lung NETs (TCs and ACs) [15, 16] . Since 2015, LCNEC has been grouped with SCLC to high-grade lung NETs for some similar features, but the difference between high-grade LCNEC and SCLC has not been fully recognized, mainly owing to the rarity of LCNEC. Several small comparative studies reported no significant differences in demographic and clinical characteristics between high-grade LCNEC and SCLC patients who underwent surgery [9, 17, 18] . However, the small number of cases involved in these studies limited this conclusion. Fortunately, two large population-based studies provided more reliable evidences for the difference between high-grade LCNEC and SCLC. Varlotto et al. [5] used the SEER database (2001) (2002) (2003) (2004) (2005) (2006) (2007) to establish that LCNEC patients present significantly different demographic and clinical characteristics compared with SCLC patients. LCNEC patients were more likely to be male and undergo surgery, while SCLC patients were found to be more likely to have advanced stage and nodal metastasis. Further, these differences still remained between LCNEC and SCLC among patients who received surgery without radiation. The shortcoming of Varlotto et al's study was to include LCNEC and SCLC patients of unknown grade, although the percentage of low-and intermediate-grade LCNEC and SCLC was less than 1 %. Derks et al. [6] analyzed the cases from the Netherlands Cancer Registry (2003-2012) and obtained similar results regarding the differences in sex, stage and nodal metastasis between high-grade LCNEC and SCLC. Moreover, they found that high-grade SCLC patients had larger tumors than high-grade LCNEC patients. In this study, we enrolled the largest number of high-grade LCNEC patients and excluded all patients with low, intermediate or unknown grade included in the SEER database (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . To improve the robustness of our analysis, we included more covariates of clinicopathological characteristics. Our results for the differences in sex, stage, tumor size, nodal metastasis, and surgery between high-grade LCNEC and SCLC were closer to those from the two large population-based studies. Furthermore, our findings indicated that high-grade LCNEC patients were younger and predominantly black, while high-grade SCLC patients were more likely to receive radiation and chemotherapy. Besides, we firstly analyzed the marital status and found a similar proportion of married/unmarried in high-grade LCNEC patients to that in SCLC patients.
The difference in prognosis between high-grade LCNEC and SCLC was not well-defined. Several retrospective studies showed a similar prognosis between high-grade LCNEC and SCLC patients who underwent surgical resection [7, 9, 18] . However, using the Kaplan-Meier method, Varlotto et al. [5] showed that the OS and CSS for the high-grade LCNEC patients undergoing surgery without radiation were better than those for the high-grade SCLC patients. Isaka et al. [17] also found that stage IA LCNEC patients undergoing surgery had a better OS than SCLC patients. Interestingly, Derks et al. [6] found that early-stage high-grade LCNEC patients had a better OS than SCLC patients, but found no significant difference between LCNEC and SCLC in patients receiving surgery. Moreover, stage IV high-grade LCNEC patients had a worse OS than SCLC patients, but no significant difference was found between LCNEC and SCLC in patients treated with chemotherapy. Besides, Naidoo et al. [19] suggested that the OS of stage IV LCNEC resembles that of SCLC. In this study, we found that high-grade LCNEC patients had better OS and CSS than SCLC patients. Furthermore, our subgroup analysis showed that better OS and CSS were observed in high-grade LCNEC patients in the regional, distant, and surgery subgroups. However, in the non-surgery subgroup, no significant difference in OS and CSS was found between high-grade LCNEC and SCLC patients. These results were further confirmed by the multivariate analysis and PSM analysis.
Up to now, the therapeutic options for high-grade LCNEC have rarely been debated on account of its rarity. The National Cancer Control Network (NCCN) advised treating LCNEC according to the guidelines for non small-cell lung cancer, but clinicians have tended to use SCLC-based chemotherapy regimens for advanced LCNEC patients [19, 20] . However, it was also difficult to decide whether LCNEC patients should be treated in the same way as SCLC patients. In the present study, data regarding the chemotherapy regimens for high-grade LCNEC and SCLC patients were not available in the SEER database, but some other evidence was found to assist with the clinical decision concerning high-grade LCNEC and SCLC. Our subgroup analysis showed that high-grade LCNEC patients could benefit much more from surgery treatment than high-grade SCLC patients. Once high-grade LCNEC patients had missed the opportunity for surgery, there was no difference in prognosis between the two groups. Thus, surgery is a more important therapeutic option for high-grade LCNEC patients than for high-grade SCLC patients.
For advanced LCNEC and SCLC patients, data regarding differences in the occurrence of distant metastasis has been limited. Derks et al. [6] firstly showed that LCNEC patients had fewer liver, and more brain metastasis than SCLC patients. Moreover, a high incidence of brain metastasis was observed in two small studies in LCNEC patients [19, 21] . In our own study, we confirmed that high-grade LCNEC patients exhibited different metastatic patterns to high-grade SCLC patients. The brain was the most common metastatic site for high-grade LCNEC, while the liver was the most common site for high-grade SCLC.
This study has several limitations. The SEER database did not provide sufficient data on smoking history, self-reported information from patients, laboratory tests, imaging examination, chemotherapy regimens and even gene mutation examination, which reduced the significance of our results. We excluded those patients of unknown grade to avoid the confounders from carcinoids, but a wealth of information concerning high-grade LCNEC and SCLC was therefore not taken into account because fewer than 1 % of all the LCNEC and SCLC cases were diagnosed as grade 1 or 2 [5] . Furthermore, no data about distant metastasis for patients diagnosed before 2010 was available in the SEER database. This greatly reduced the amount of data available in terms of the number of high-grade LCNEC and SCLC patients for the comparative analysis of metastatic patterns. Besides, some missing data for tumor size in high-grade SCLC patients weakened the statistical difference between two groups.
In conclusion, high-grade LCNEC patients present different clinicopathological characteristics to high-grade SCLC patients. Compared with high-grade SCLC patients, high-grade LCNEC patients were found to have a better prognosis in the all stages, regional stage, distant stage and surgery cohorts. However, no significant difference in prognosis was found between high-grade LCNEC and SCLC in the non-surgery subgroup. Besides, high-grade LCNEC patients showed different metastatic patterns to high-grade SCLC patients. These findings provide strong evidence that high-grade LCNEC and high-grade SCLC are different histological types, and that a detailed classification for high-grade NETs of the lung is needed.
